Experimental method

Synthesis of TMDs
To compare the synthesized nanosheets with the bulk materials, bulk MoS 2 , MoS 1.5 Se 0.5 , MoS 1.0 Se 1.0 , MoS 0.5 Se 1.5, and MoSe 2 (KOJUNDO CHEMICAL LABORATORY) were purchased. Before SCF chalcogenization, MoO 3 (Wako Chemicals) for preparing MoS 2 , MoSe 2 and Mo(S,Se) 2 , WO 3 (Wako Chemicals) for preparing WS 2 , and a mixture of MoO 3 and WO 3 with the same molar ratio as (Mo,W)S 2 were ball milled for 4 h. To synthesize MoS 2 , Mo(S,Se) 2 , and MoSe 2 , 1 mmol of ascorbic acid (Wako Chemicals) as a reducing agent was dissolved in 5 ml of water and the mixture was magnetically stirred for at least 20 min under ambient condition. Subsequently, S powder (Sigma-Aldrich), Se powder (Wako Chemicals) and ball-milled MoO 3 for preparing each product, were placed in a 10 ml, batch-type Hastelloy reactor in amounts as shown in Table S1 . Lastly, 5 ml of the aqueous ascorbic acid solution was injected into the reactor vessels containing the powder mixture.
The sealed reactor was kept at 400°C in a tube furnace for 30 min. After heating, the reactor was submerged in a water bath to terminate the reaction. The solution was separated by suction filtration, and the separated particles were dried under vacuum at room temperature. For synthesizing WS 2 and (Mo,W)S 2 , S powder, ball-milled MoO 3 and ball-milled WO 3 were placed in the reactor in amounts as shown in Table S1 . Then, 1 ml of formic acid (Wako Chemicals) as a reducing agent and 5 ml of water was injected into the reactor vessels containing the powders. The sealed reactor was kept at 400°C in a tube furnace for 60 min. After heating, the samples were collected in the same procedure as above. The difference of the recucing agents is caused by the difference of the redox potential as shown below. 
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Material characterization
The compositions of the synthesized TMD samples were analyzed using CHNS analysis (Elementar, vario EL cube) for sulfur and inductively coupled plasma-mass spectroscopy (ICP-MS;
Agilent 8800) for the other elements. The crystal structure of the samples was analyzed using θ-2θ
X-ray diffraction (XRD; Bruker AXS D8 Advance) using Cu-Kα radiation. To investigate the type and quality of chemical bonds and degree of crystallization, Raman spectroscopy was performed for (Table S3 ), while EXAFS measurements indicated a S:Se ratio of around 1.4:0.6 ( Fig. S3(b) ). This indicates that pure amorphous selenium contaminated the samples. In fact, TEM image of MoSe 2 showed that amorphous Se was left in the sample as shown Fig. S1 . As a future work, it is necessary to develop a method to completely remove the excess Se. However, the (Mo,W)S 2 composition was sulfur poor. According to previous reports, [2] insertion of molybdenum into WS 2 monolayers resulted in S vacancies. In our case, we assume that sulfur vacancies occurred in the layer plane. respectively, for both synthesized and commercial MoS 2 . In a previous report, [3] as MoS 2 was reduced to less than six layers, the spacing between the and A 1g peaks decreased. Here, the 1 2 spacing between these peaks for the synthesized MoS 2 was narrower than that of the commercial sample, suggesting that few-layered MoS 2 was formed. In addition, the LA(M) mode was also detected although the peak intensity is low. The LA(M) mode in the Raman spectrum of MoS 2 around 227 cm -1 is known to acquire intensity in the presence of defects. [4] Hence, the synthesized MoS 2 has a defective structure. We carried out EXAFS measurements for bulk MoS 2 and WS 2 , and synthesized MoS 2 , (Mo,W)S 2 , and WS 2 as shown in Fig. S4(a,b) . The k 2 χ(k) signal of (Mo,W)S 2 was clearly different from those of pure MoS 2 and WS 2 , indicating a remarkable change in the local atomic arrangement.
As shown in Fig. S3(a) , the Fourier transform (FT) curve of bulk MoS 2 was characterized by two main peaks, which were assigned to a S shell (1.9 Å) and a Mo shell (2.8 Å) . In a previous report, the number of S edges in MoS 2 was quantitatively estimated using EXAFS. Similarly, the FT curve of bulk WS 2 shown in Fig. S4(b) was characterized by three main peaks, which were assigned to sulfur shells (2.0 Å and 3.3 Å) and a tungsten shell (2.9 Å) [7, 8] . The FT curves of (Mo,W)S 2 indicate that the intensity of all peaks decreased; in particular, the intensity derived from W-W(Mo) bonding was very low. This was due to the same reason described for the
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Mo K-edge. 
